Abstract. Abiraterone acetate (AA), a CYP17 inhibitor, now has a crucial role in the treatment of castration-resistant prostate cancer (CRPC), and previous studies have reported several prognostic clinical factors for AA treatment. The neutrophil-to-lymphocyte ratio (NLR) has also been investigated for a CRPC treatments in a few reports, however it has not been identified to be a prognostic factor for AA treatment in Japanese patients. The present study aimed to assess the association of the baseline NLR with the overall survival (OS) in CPRC patients treated by AA. The present study retrospectively reviewed a total of 90 consecutive patients with CRPC treated with AA from 2011 to 2016 at
Introduction
Prostate cancer is one of the most frequently diagnosed cancers and a main cause of cancer death in men (1) . Screening of prostate-specific antigen (PSA) has contributed to the detection of prostate cancer at an early stage, but prostate cancer is still frequently diagnosed for the first time already at an advanced stage.
In the past decade, several new therapies have been shown to provide a survival benefit in patients with prostate cancer, including abiraterone acetate (AA), enzalutamide, cabazitaxel, radium-223, and sipuleucel T (2). These agents have now become the mainstream treatment for castration-resistant prostate cancer (CRPC). As the choice of treatment has expanded, the establishment of strategies regarding sequence approaches and when to switch agents is crucial for providing the best benefit to CRPC patients.
At present, there are no established biomarkers for predicting the effectiveness of the agents, so doctors must decide on the best treatment approach based on clinical factors. The neutrophil-to-lymphocyte ratio (NLR) is one factor that has been widely reported to be a prognostic factor not only in prostate cancer but also in some solid cancers (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . In addition, the NLR can be calculated easily from routine complete blood counts (CBCs) in peripheral blood samples (4, 5) .
AA, a CYP-17 inhibitor, is now a commonly used in the treatment of CRPC patients. A new biomarker to indicate the best timing for the induction and discontinuation of AA would be useful for clinical practice; however, at the time of writing this report, no such markers have been reported. Thus, previous studies have reported several existing clinical factors as prognostic biomarkers for AA therapy (15) (16) (17) but it has not been shown to be a prognostic factor for AA treatment in Japanese patients. We therefore evaluated the association of the NLR with the clinical outcomes, such as PSA response, and overall survival (OS) in CPRC patients receiving AA treatment.
Patients and methods
Patients. We retrospectively reviewed 90 consecutive patients with CRPC patients treated with AA from 2011 to 2016, at Yokohama City University Medical Center (Yokohama, Japan), Yokohama City University Graduate School of Medicine (Yokohama, Japan), and National Cancer Center Hospital East (Kashiwa, Japan). All patients were administered 1,000 mg of AA orally once a day and 10 mg oral prednisone daily. Nine patients (10%) had their dose reduced to 500-750 mg of AA because of adverse events. Patients who had active infectious disease or were treated with steroid for any reason and disease before AA initiation were excluded due to influence to NLR. This study was carried out in accordance with the ethical standards of the Declaration of Helsinki. The study was approved by the review boards of each institution: Yokohama City University Medical Center Institutional Review Board (Yokohama, Japan) and National Cancer Center Hospital East Institutional Review Board (Kashiwa, Japan). Due to the fact that the present study was retrospective and observational, the review board waived the requirement for patient informed consent.
Clinical assessments. The primary endpoint of this study was the OS, which was defined as the survival from the start of AA administration. The secondary endpoint prostate-specific antigen (PSA) response. PSA response was defined as a reduction of more than 50%. AA was administered with 1,000 mg/day plus prednisolone 10 mg/day along with LH-RH agonists. After AA administration, PSA was measured every month, and AA treatment was continued until progression of the disease, as defined by the PCWG2 criteria (21), or unacceptable toxicity. CBCs were performed, and baseline NLR was calculated using the neutrophil and lymphocyte counts obtained on the same day or a few days before the initiation of AA. All data were retrospectively collected from clinical records.
Statistical analyses. We used the area under the receiving operator characteristic (AUROC) curve to determine the cut-off NLR. Median values were used as the cut-off points for other factors (for continuous measurements). Multivariate logistic regression models were used to detect the individual factors. A Kaplan-Meier product limit estimator was used to estimate the OS and PFS. The survival duration was defined as the time between starting AA medication and death of any cause. The log-rank test was performed for comparison. P-values of <0.05 were considered to indicate statistical significance. The statistical analyses were performed using the SPSS (IBM, Chicago, IL, USA) and Graph Pad Prism (Graph Pad Software, La Jolla, CA, USA) software programs.
Results
Patients' characteristics. 
Discussion
Remarkable advances in CRPC treatment over the past decade have improved the survival of CRPC patients. However, due to the heterogeneous CRPC population, treatment needs to be individualized further, and determining the optimum sequencing strategy for novel therapies is now the main matter of controversy. The identification of predictive and prognostic factors will aid in deciding whether or not a given treatment is suitable for a patient.
Our investigation showed that a high NLR was a risk factor for not only a poor PSA response but also a poor overall prognosis for AA treatment in CRPC patients. The NLR has been suggested to be an indicator for the general immune response to various diseases, and in cancer, the inflammatory response has been reported to play an important role in the occurrence and development by immune microenvironment in tumor cells (5, 6) . Previous reports have shown the NLR to be a parameter reflecting the efficacy of treatments and the prognosis in prostate cancer (9, 22) . We previously reported that the pretreatment NLR in cases of metastatic prostate cancer predicts both the cancer-specific survival and OS (4). Lorente et al also reported that the baseline NLR is a prognostic factor for second-line chemotherapy against metastatic CRPC (9) . With regard to AA, several studies have reported a correlation with the NLR in patients with metastatic CRPC. Similar to the result of our study, these studies showed that low baseline NLR was shown to be associated with improved survival; and also low baseline platelet-lymphocyte ratio was similarly associated with better survival (18, 23, 24) . These findings show that the systemic immune system has an impact on the prognosis of CRPC patients, including those treated with AA.
Various mechanisms have been suggested to lead to the epithelial-to-mesenchymal transition, including an increased supply of growth factors, survival factors, pro-angiogenic Table I . Patients' background. factors, extracellular matrix-modifying enzymes (which can facilitate invasion and metastasis), and inductive signals (25, 26) . Cho et al reported that patients with an elevated NLR exhibit a relative lymphocyte-mediated immune response to malignancy, thereby worsening their prognosis and increasing the potential for tumor progression (27, 28) . However, none of the mechanisms reported to underlie the link between the NLR and cancer progression have been widely accepted. The reason why a high baseline NLR leads to a worse prognosis in CRPC patients treated with AA is also unclear; however, the use of prednisone may be associated with this outcome. Boegemann found that baseline a NLR of >5 and an NLR-change to <5 at eight weeks after the induction of AA was associated with worse survival (23) . They considered that the use of prednisone might be associated with this outcome. Prednisone is known to increase the neutrophil count by mobilization from the marginated pool and bone marrow release (29) . However, the progression of bone metastasis under AA treatment leads to a dysfunction in the production of neutrophils in the bone marrow, and results in a decreased neutrophil count. They suggested that the administration of prednisone to patients treated with AA might have a strong impact on immunomodulation (23) . This study has several limitations. First, this study was retrospective in nature. As a result, the data for some of the variables were missing. Second, our population was relatively small, heterogeneous, included patients with both metastatic and non-metastatic CRPC and the observation period was relatively short. Our previous report showed that the initial PSA level was higher in the high NLR group (4); however, in this study, the PSA was higher in the low NLR group. The evaluation of a larger patient population over a longer period of time is needed to verify the NLR as a prognostic factor. Third limitation is that as several clinicians treated the patients and the indications for imaging were different, we could not assess the progression using bone scintigraphy or computed tomography. Finally, several treatments for CRPC have been developed, including docetaxel, enzalutamide, AA, Ra-223, and cabazitaxel, and in the near future, other medications, such as ARN-509, ODM-201, and immunosuppressive agents, will become available for CRPC patients. No treatment sequence has been established in CRPC patients. As such, further studies are needed to determine how to use the NLR for clinical benefit.
In conclusion, our findings suggest that the NLR may be a useful new biomarker for predicting the prognosis of CRPC patients treated with AA.
